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(57) ABSTRACT 

The invention relates to planar Sensor arrangements, in 
particular Seat mat Sensors, for recognition of Seat occu 
pancy in a motor vehicle, comprising Several pressure Sen 
Sitive Sensor elements (AS), arranged in a planar distribu 
tion, the electrical properties of which are each dependent on 
the local value of a measured parameter and with at least one 
non-rotationally symmetrical Sensor element (A) on an 
installation-dependent fold line of the Sensor arrangement, 
with a longest Sectional line (12) through the active Surface 
of the Sensor element (A) arranged along the fold line (K). 
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SENSOR ARRANGEMENT 

CLAIM FOR PRIORITY 

0001. This application claims priority to International 
Application No. PCT/DE02/04429, which was published in 
the German language on Jul. 3, 2003, which claims the 
benefit of priority to German Application No. 101 60 121.2 
which was filed in the German language on Dec. 7, 2001. 

TECHNICAL FIELD OF THE INVENTION 

0002 The invention relates to planar sensor arrange 
ments, in particular Seat mat Sensors for recognition of Seat 
occupancy in a motor vehicle. 

BACKGROUND OF THE INVENTION 

0003) Seat occupancy by motor vehicle passengers plays 
a major role in a plurality of technical applications in motor 
vehicles. This applies especially to vehicle occupant 
restraint Systems, the efficient deployment of which is very 
often made dependent upon the Seating position of the 
vehicle occupant. 
0004. The simplest form of recognizing seat occupancy is 
the detection of the presence of a vehicle occupant by, for 
example, touch-Sensitive Switches in the vehicle Seat. Other 
measurement Systems for the recognition of Seat occupancy 
detect the weight of a vehicle occupant or even their weight 
distribution on a vehicle seat. On the one hand, this enables 
the detection of the presence of a vehicle occupant whilst, on 
the other hand, their body weight or weight distribution on 
the vehicle Seat can be determined. Depending on the Sensor 
arrangement and measurement method, these two sets of 
data can be measured Simultaneously or independently of 
each other. 

0005 Seat mat sensors are mostly used to detect the 
measured variable, in particular weight, comprising a plu 
rality of preSSure-Sensitive Sensor elements which are 
arranged on the Seat face distributed in rows and columns. 
0006 Known from the prior art are, in particular, sensor 
elements in Seat mat Sensors essentially comprising two 
electrically Separating films arranged in a mutually parallel 
manner. Between Said two films is disposed a likewise 
electrically Separating interface layer which maintains the 
distance between the two films. Electrically conductive 
faces are applied to the mutually facing Sides of the films 
between which high-resistance material is arranged, prefer 
ably air. 
0007 When the seat mat sensor is subject to pressure, for 
example the body weight of a vehicle occupant, the con 
ductive faces are brought into conductive contact with each 
other, So that the electrical contact resistance between the 
two conductive faces is dependent on the preSSure ampli 
tude. 

0008. The conductive faces of known sensor elements, 
hereinafter also referred to as Sensor cells, have rotational 
Symmetry about the face perpendicular. In a Sensor arrange 
ment in the form of a Seat mat Sensor, a plurality of Similar 
circular Sensor cells are arranged in a planar manner on a 
vehicle Seat. 

0009 Sensor arrangements of this kind are known from 
U.S. Pat. No. 5,896,090 A, German Application No. 200 14 
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200 U1 and German Application No. 4237 072 C1; suitable 
Sensor cells for these Sensor arrangements are disclosed in 
U.S. Pat. No. 4,314,228, German Application No. 200 14 
200 U1 and U.S. Pat. No. 4,314,227. 
0010. The problem with the known sensor arrangements 
is that the Sensor cells are mostly affixed to an uneven 
Surface of a vehicle Seat thereby exposing the Sensor cells to 
differing tensile or bending loads, depending on their posi 
tion on the Seat mat Sensor, in particular along fold lines of 
the Sensor arrangement. 
0011. The sensor elements known from the prior art are 
designed to respond very Sensitively to Such tensile or 
bending loads on the fold lines. Consequently the Signal 
characteristic of the Sensor elements dependent on the 
weight acting upon them changes. The bending of the Sensor 
elements usually displaces a constant offset PL of the Signal 
characteristic to lower values as shown in FIG. 4. This 
Signal characteristic displacement can have various reper 
cussions for various measurement Systems designed for 
recognizing Seat occupancy. 
0012. An occupant may be detected on the vehicle seat 
even if only a Small, light object is located on it. In the event 
of vehicle impact this false information would cause an 
airbag to inflate unnecessarily in order to protect the Sup 
posed vehicle occupant. 
0013 In other systems designed for recognizing seat 
occupancy, a shift in the constant offset of the Sensor 
characteristic causes a false weight or false weight distribu 
tion of a vehicle occupant to be reported to the occupant 
Safety System. If an occupant Safety device is, for example, 
released too early on the basis of this false information, this 
can result in Serious injuries to a vehicle occupant. 
0014. The change in the sensor characteristics when the 
Sensor element is exposed to a tensile or bending load on a 
vehicle seat fold line is referred to as the preload effect. 
0015. Owing to the preload effect an arrangement of 
Sensor cells in Seat mat Sensors is often avoided at heavily 
curved points or on Seams of a vehicle Seat, although the lack 
of measurement at Such points results in a loSS of important 
information regarding the vehicle occupant. This can also 
lead to Serious injuries to a vehicle occupant in the event of 
an accident involving impact if the occupant Safety System 
was unable to provide the optimum protection for the 
vehicle occupant through lack of information. 
0016 A further measure for avoiding the preload effect is 
to reduce the size of the conductive faces of the known 
Sensor cells. 

0.017. With small sensor cells the constant offset (PS) of 
the Sensor characteristic generally has a higher value than 
with larger sensor cells (FIG. 4). As a result, the preload 
effect manifests itself only at far greater bending loads than 
in the case of large-face Sensor elements. However, the 
Sensor characteristic of a Smaller Sensor cell (CS) loses Some 
of its resolution accuracy by comparison with the charac 
teristic of a larger sensor cell (CL), since the slope of its 
Signal characteristic becomes Steeper. At the same time the 
range of values of its characteristic also becomes Smaller 
(FIG. 4). 
0018. Here again as a result of too much imprecise 
information regarding the vehicle occupant, an optimal 
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protection effect of an occupant protection System adapted to 
Seating occupancy fails to take place. 

SUMMARY OF THE INVENTION 

0019. The invention discloses an improved seat mat 
Sensor So that the Sensor elements also enable informative 
weight measurements to be made on installation-dependent 
fold lines on a vehicle Seat. 

0020. In one embodiment of the invention, at least one 
Sensor element in the Sensor arrangement is not of a rota 
tionally Symmetric design and has the advantage that, 
arranged along a installation-dependent fold line, it has a 
very Small preload effect yet, independently of this, it 
achieves a very good resolution of the weight-dependent 
Sensor Signal within a very large range of values. 
0021. The rotationally symmetric structure of the active 
faces of the known Sensor elements must therefore be 
forgone with Such installation dependent fold lines in favor 
instead of a non-rotationally Symmetric active face of the 
Sensor elements. Circular active faces are known from the 
prior art. These can be replaced by, for example, oval active 
faces. Further embodiments are also possible, however. 
0022. Fold lines on a vehicle seat are, for example, 
curved Surfaces on a leg Support or on both Seat Side 
Supports or along Seams in the Seat cover. 

0023 The active face of a sensor element is understood 
to be the planar projection of the Sensor region which, within 
the useful range of the Sensor characteristic-that is to Say, 
before an essentially constant maximum value of the Sensor 
characteristic is attained, contributes to the Sensor charac 
teristic in a manner dependent on weight and affecting the 
signal (FIG. 4). 
0024. For improved electrical contacting, a circular sen 
Sor element may quite possibly have indentations on its 
circumference which, for example, are extended as a Supply 
lead via the Seat mat to the evaluation electronics of the Seat 
mat Sensor. The active face of the Sensor element is never 
theless circular. In this Sense, the term rotational Symmetry 
is also used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.025 The invention is described below with reference to 
the exemplary embodiments in the drawings, in which: 
0.026 FIG. 1 shows the oval face of a sensor element 1 
according to the invention with an electrical Supply lead 11 
in a diagrammatic view. 

0.027 FIG. 2a shows a cross-section through a known 
rotationally Symmetric large Sensor element. 

0028 FIG.2b shows the cross-section through the sensor 
element shown in FIG. 2a influenced by a bending load. 
0029 FIG. 3a shows a cross-section through a known 
rotationally Symmetric Small Sensor element. 

0030 FIG. 3b shows the cross-section through the sensor 
element shown in FIG. 3a influenced by a bending load. 
0.031 FIG. 4 shows a signal characteristic Si of a known 
rotationally Symmetric Sensor element with a large face CL 
and of a sensor cell with a small face CS. 
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0032 FIGS. 5a and 5b show further exemplary embodi 
ments of the geometric shape of the faces of a Sensor 
element A according to the invention. 
0033 FIG. 6 shows: the circular face of a known sensor 
element S in plan view; and 
0034 FIG. 7 shows a possible arrangement of circular 
and oval Sensor elements on a vehicle Seat. 

0035. The measured variable is hereafter considered to be 
the force on the Sensor cells due to weight. 
0036) A sensor element with a circular or oval active face 
is hereafter also referred to in abbreviated form as a circular 
or oval Sensor element. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0037 FIG. 1 shows an oval sensor element 1 according 
to the invention. The oval 1 drawn with a continuous line is 
the upper of the two conductive Sensor element faces 
arranged one above the other. The line leading away from 
this to one side is its electrical supply lead 11. The lower of 
the two conductive faces is not shown. The active face is not 
rotationally Symmetric. A longest line of interSection 12 
through the Sensor element is drawn as a dashed and dotted 
line. 

0038. When the sensor element is bent about the longest 
line of intersection 12 the Sensor signal changes, while a 
force due to weight acts on the Sensor element in an 
otherwise unchanged manner. The constant offset of the 
characteristic curve of the Sensor element is displaced 
towards Smaller values. 

0039 When bending occurs about an axis 13 perpendicu 
lar thereto, the displacement of the Sensor characteristic is, 
however, Substantially more pronounced. The numerical 
value of the constant offset is even Smaller, that is to Say, 
with a bending axis 13 the preload effect is much greater 
than in the case of the axis 12 perpendicular thereto. 
0040. An installation-dependent fold line of the sensor 
arrangement 1 therefore lies preferably along the longest 
line of intersection 12. 

0041. Owing to installation tolerances in the motor 
vehicle, this most favorable Sensor element fitting position 
cannot always be achieved in practice, however. The length 
of the line of interSection through the Sensor element along 
the fold line can vary by up to +30% from the longest line 
of intersection 12. 

0042. This bending sensitivity principle will now be 
explained with reference to FIGS. 2a to 3b. FIG.2a shows 
a cross-section through a known Sensor element in a Seat mat 
Sensor arrangement. An upper Sensor film 5 of non-conduc 
tive material is arranged parallel to a lower Sensor film 7 of 
the same kind. The two films are kept mutually Spaced apart 
by a spacer 9 made of likewise non-conductive material 10. 
On each of the mutually facing Sides, conductive faces 6 and 
8 are applied to the films. Between the two conductive faces 
is arranged high-resistance material, in particular air. 
0043 FIG. 2b shows the cross-section of the sensor 
element shown in FIG. 2a, the sensor element being bent 
about a fold line under the effect of a force. Since the two 
conductive faces 6 and 8 have the same length along the 
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croSS-Section but are kept apart by their spacers 9, using a 
defined distance, the upper contact face 6 is more heavily 
curved than the lower contact face 8. This results in the two 
conductive faces 6 and 8 coming very close together at the 
point of their greatest curvature. If the two contact faces 
continue to be bent in this region, electrical contact can 
occur between the two conductive faces 6 and 8. 

0044 Since the two faces are positioned on an electri 
cally different potential, a current dependent on the contact 
resistance flows between the two conductive faces. The 
greater the contact face, the Smaller the contact resistance 
between them. The variation in the contact resistance 
according to the contact face thus generated is also utilized 
in the measurement of a weight resting thereon. 
0.045. Deflection of the sensor element until electrical 
contacting takes place between the two conductive faces 
thus generates a false weight signal. This is referred to as a 
preload effect. The evaluation unit of the Seat mat Sensor 
cannot distinguish between this preload effect caused by 
bending of the Sensor cell and a weight signal. 
0046) The sensor signal generated by a bending of the 
Sensor element is evaluated in the Same way as a weight 
resting thereon. A plurality of methods can be used to 
evaluate the Sensor Signals in Such cases as follows. 
0047. To maintain a constant flow of current between 
faces 6 and 8 constant, the Voltage is varied according to the 
contact resistance between the faces. The greater the contact 
face of the two conductive faces, the Smaller the contact 
resistance becomes. The more the Sensor element is 
deflected, the Smaller is therefore the Voltage required for the 
constant flow of current. 

0.048 Alternatively, the sensor signals can also be evalu 
ated at a constant Voltage. The measure used for the weight 
resting on the faces is then the variable flow of current over 
the contact resistance of the two conductive faces 6 and 8. 

0049 FIG. 3a shows the cross-section of a sensor ele 
ment of a structure identical to that shown in FIGS. 2a and 
2b. The planar extension of the conductive faces in a 
croSS-Sectional direction is much Smaller, however. 

0050 FIG. 3b shows the cross-section of the sensor 
element shown in FIG. 3a under the effect of the same 
bending about a fold line out of the plane of projection. At 
the points of greatest curvature the distance between the two 
conductive faces 6 and 8 is greater than the comparable 
distance in FIG. 2b. 

0051. For an electrical contact to be produced between 
the conductive faces 6 and 8, the Smaller Sensor element in 
FIG. 3b must be considerably more heavily curved than the 
larger sensor element in FIG.2b. With the known sensor cell 
Structure a Smaller Sensor element face is therefore leSS 
Sensitive to the preload effect than a larger face. The Signal 
resolution of the characteristic curve is also reduced as 
follows, however. 

0.052 FIG. 4 shows a characteristic curve for a large 
Sensor element CL and for a Small Sensor element CS in a 
diagrammatic view. For the Sake of clarity the graph 
assumes that the Sensor elements have ordinary rotationally 
Symmetric conductive faces. The Sensor Signal Si is plotted 
along the X-axis. The Y-axis shows the force due to weight 
G acting on the Sensor cell. 
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0053. The continuous line CL represents the characteris 
tic curve for the large-face Sensor element as follows. After 
attainment of a minimum force due to weight PL is the upper 
conductive face 6 of the Sensor element pushed through to 
Such an extent that electrical contact with the lower con 
ductive face 8 is achieved. Curve CL slopes continuously 
upwards as a result of the increasing force imposed by 
weight G. The contact face between the two conductive 
faces 6 and 8 becomes larger and larger until the Sensor 
Signal approaches a constant value. Thereafter no additional 
Sensor Signal can be generated even if there is a further 
increase in the force due to weight G. 

0054 The broken line CS shows the characteristic curve 
for the Small-face Sensor element in diagrammatic form as 
follows. More force due to weight PS has to be applied with 
this Sensor element than with the large-face Sensor element 
before a minimum signal is first emitted. Thereafter this 
characteristic curve also slopes continuously upwards with 
an increase in the force due to weight G until it attains a 
constant value which does not increase further even with a 
further increase in the force due to weight G. This constant 
maximum signal value is lower for the Smaller Sensor 
element than for the larger Sensor element. 

0055. The slope of the characteristic curve CS is, how 
ever, Steeper than the curve CL. The Signal of the Small 
Sensor element CS responds much more Sensitively to a 
variation in the force due to weight G than the Signal of the 
larger Sensor element CL. The resolution accuracy of the 
force due to weight acting on the Sensor elements is reduced 
as a result. It can, however, be very important, particularly 
for the purpose of classifying a vehicle occupant according 
to weight, for the Sensor characteristic to permit the greatest 
possible resolution of the force due to weight acting upon the 
Sensor. A characteristic curve with a slight slope is therefore 
preferable to a steeper characteristic curve. 

0056. In the case of sensor elements having the known 
Structure having two spaced-apart conductive faces, the 
object of the invention is therefore achieved preferably by 
conductive faces of the kind that, when deformed about a 
fold line, have the largest possible face along that line. That 
is to Say, their line of interSection through the Sensor face 
should be as long as possible along the fold line. AS already 
mentioned above, the line of interSection of the Sensor faces 
along the fold line, installation-dependent0, usually achieves 
a length that can vary by up to +30% from the maximum line 
of interSection. 

0057 With this sensor element shape, the sensor signal is 
decisively influenced only where there is a much greater 
deflection than is the case with the known rotationally 
Symmetric elements. In the extension direction perpendicu 
lar to the fold line the face is preferably smaller-that is to 
Say, the line of interSection of the Sensor faces along the 
perpendicular to the fold line is shorter-in order to achieve 
very good Signal resolution. 

0.058. The oval sensor face 1 shown in FIG. 1 is an 
exemplary embodiment of the invention. 

0059 FIGS. 5a and 5b show further embodiments of the 
invention. There are various advantageous Sensor faces 
depending on the position of the Sensor element fold lines as 
follows. 
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0060 FIG. 5a shows a rectangular sensor face 14, which 
is especially suitable for a fold line K path likewise shown. 
The oval sensor face 1 from FIG. 1 could just as well be 
used here, however. 
0061 FIG. 5b shows a boomerang-shaped sensor ele 
ment 15 as a preferred embodiment of the sensor face in the 
region of two interSecting fold lines K1 and K2. 
0.062 FIG. 7 shows a possible arrangement of circular 
and therefore rotationally Symmetric Sensor elements S1, S2, 
... SN on a vehicle seat Sz. On the fold lines K1 to K4 of 
the vehicle Seat the shape of the mostly circular Sensor 
elements S to SN has been modified to the oval and therefore 
asymmetric, that is to Say not rotationally Symmetric, shape 
of the sensor elements A1 to AN. 

0.063. The invention is not restricted to the exemplary 
embodiments disclosed. Instead a plurality of modifications 
and variations is possible, and these can differ according to 
the position in which a Sensor element is to be fitted. 

1. A Sensor arrangements for recognition of Seat occu 
pancy in a motor vehicle, comprising: 

a plurality of preSSure-Sensitive Sensor elements, which 
are arranged distributed in a planar manner, electrical 
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performance of each being dependent upon local value 
of a measured variable; and 

at least one not rotationally Symmetric Sensor element on 
an installation-dependent fold line of the Sensor 
arrangement with a longest line of interSection through 
an active face of the Sensor element along the fold line. 

2. The Sensor arrangement according to claim 1, the active 
face of the Sensor element being of an oval shape. 

3. The Sensor arrangement according to claim 1, the 
Sensor elements having 
two non-conductive films arranged one above the other, 
a conductive face on the upper film, 
a Second conductive face on the lower film, and 
a region between the conductive faces filled with non 

conductive material. 
4. The Sensor arrangement according to claim 1, wherein 

the Sensor elements are Substantially rotationally Symmetric. 
5. The Sensor arrangement according to claim 1, wherein 

Sensor elements are arranged on installation-dependent fold 
lines of the Sensor arrangement in an exclusively non 
rotationally Symmetric manner. 

k k k k k 


